AIR-INTAKE SYSTEM OF MULTI-CYLINDER ENGINE 
OF SMALL WATERCRAFT 


BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an air-intake system of a multi-cylinder 
engine mounted in a small watercraft such as a personal watercraft. 

2. Description of the Related Art 

[0002J An engine body mainly comprises a cylinder head on the upper side, a 
cylinder block located below the cylinder head, and a crankcase located below the 
cylinder block. The inline multi-cylinder engine is substantially flask-shaped, as 
seen in a cross-sectional view of the engine when sectioned in the direction 
perpendicular to the longitudinal direction of the crankshaft. The cylinder block has 
a width smaller than that of the crankcase. 

[0003] In general, an air-intake system of the multi-cylinder engine mounted in the 
small watercraft is configured to have an ambient-air inlet, an air cleaner for 
cleaning ambient air taken in from outside through the inlet, a throttle body for 
adjusting an air-intake amount, an air-intake box having a certain volume to 
temporarily store the air (sometimes omitted), and an air-intake pipe serving as a 
passage through which air is delivered into an air-intake port of the cylinder head. In 
this air-intake system, these components are connected in this order. 
[0004] When the air-intake box is contained in a relatively limited inner space of the 
small watercraft, it is typically located laterally of the cylinder block having a small 
width. 

[0005] Engine power is influenced by various factors. One factor is volumetric 
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efficiency. As used herein, the volumetric efficiency refers to a ratio of the volume 
of air actually drawn into the cylinder to the displacement of the engine. The engine 
power is increased by improving the volumetric efficiency, i.e., by increasing the 
amount of air actually drawn into the cylinder during an operation of the engine 
(hereinafter referred to as an "air-intake amount".) 

[0006] Especially in the engine mounted in the small watercraft which is required to 
have a small size and a light weight, in order to generate high power with small 
displacement of the engine, it is desired that the power be increased by increasing 
the volumetric efficiency of the air to be drawn into the cylinder. 
[0007] The volumetric efficiency (air-intake ability) can be improved by designing a 
structure of the air intake-pipe or the like through which air is drawn into the 
cylinder of the engine in view of air-intake inertia and pulsation effects. That is, if 
the engine speed required to generate high power is determined, an optimum length 
of the air-intake pipe may be determined. 

[0008] Specifically, in the case of the engine required to generate high power during 
relatively high-speed rotation, the length of the air-intake pipe is preferably set 
relatively short. On the other hand, in the case of the engine required to generate 
high power during relatively low-speed rotation, the length of the air-intake pipe is 
preferably set relatively long. In this manner, the air-intake ability can be improved 
by designing the air-intake pipe or the like according to the optimum wavelength of 
the pulsation flow determined by the engine speed. 

[0009] Commonly, a longer air-intake pipe is used in engines mounted in small 
watercraft required to generate high power during relatively low-speed rotation,. 
However, in multi-cylinder engines mounted in small watercraft, the air-intake box 
is located laterally of the cylinder block and close to the air-intake port, therefore the 
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air-intake pipe connecting the air-intake ports to the air-intake box is difficult to 
extend. 

SUMMARY OF THE INVENTION 
[0010] The present invention addresses the above-described conditions, and an 
object of the present invention is to provide an air-intake system provided with an 
air-intake pipe having a proper length in a multi-cylinder engine mounted in the 
small watercraft. 

[0011] According to the present invention, there is provided an air-intake system of a 
multi-cylinder engine of a small watercraft, comprising a plurality of air-intake pipes 
respectively provided for cylinders, the air-intake pipes having first opening end 
portions respectively connected to a plurality of air-intake ports of a cylinder head; 
and an air-intake box to which second opening end portions of the air-intake pipes 
are connected, wherein the air-intake box is placed laterally of the engine and has a 
bottom portion located lower than a center axis of a crankshaft of the engine, and the 
air-intake pipes extend from the air-intake ports to an inside of the air-intake box, 
and the second opening end portions open inside the air-intake box at a position 
spaced apart at a predetermined distance from an inner bottom face of the bottom 
portion of the air intake box. 

[0012] In this structure, since the bottom portion of the air-intake box is located to 
be relatively distant from the air-intake ports, the second opening end portions of the 
air-intake pipes can be extended to a vicinity of the inner bottom face of the bottom 
portion of the air-intake box. Thereby, the air-intake pipes can gain sufficient length. 
[0013] Preferably, in the air-intake system, the predetermined distance may be 
substantially not less than an inner diameter of the second opening end portions of 
the air-intake pipes and may be not more than substantially three times as large as 
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the inner diameter. 

[0014] In this structure, a desirable length of air-intake pipes for the engine of the 
small watercraft is obtained. In addition, an increase in an air- intake resistance is 
controlled. 

[0015] Preferably, in the air-intake system, the second opening end portions of the 
air-intake pipes may extend downwardly inside the air-intake box through an upper 
portion of the air-intake box, and at least a portion of each of the air-intake pipes 
inside the air-intake box may have a substantially straight pipe shape. 
[0016] The air-intake resistance increases with an increase in a longitudinal 
curvature of the air-intake pipe. Therefore, with the above structure, the air-intake 
resistance in the straight-pipe portion can be reduced and, consequently, the 
air-intake ability is improved. 

[0017] Preferably, in the air-intake system, the second opening end portions of the 
air-intake pipes may be arranged to be close to one another. 

[0018] Typically, the air-intake pipes provided in the conventional multi-cylinder 
engine are arranged to extend from the air-intake ports to the air-intake box and to 
have equal spacing between adjacent pipes. By making the second opening end 
portions of the air-intake pipes close to one another, as described above, the 
air-intake system of a small size is gained. So, even in the engine mounted in a boat 
having a limited inner space, such as the small watercraft, the air-intake pipes can be 
relatively long. 

[0019] Preferably, in the air-intake system, the second opening end portions of the 
air-intake pipes may open toward substantially the same direction, and the second 
opening end portions of the air-intake pipes into which air is drawn in successive 
order may be formed to have different predetermined distances from the inner 
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bottom face of the bottom portion so as to be located at different positions in a 
direction in which the second opening end portions open. 

[0020] In the air-intake pipes having openings close to one another, air currents 
flowing through the respective openings interfere with one another, which inhibits 
smooth airflow. However, in the system, interference of air generated in the vicinity 
of the second opening end portions can be inhibited, thereby resulting in an 
improved air-intake ability. 

[0021] Preferably, in the air-intake system, the air-intake pipes may have an equal 
length. By setting the air-intake pipes to have an equal length, the air-intake pipes 
have similar air-intake characteristic. 

[0022] Preferably, in the air-intake system, the air-intake pipes and the air-intake 
box may be integrally molded. For example, the air-intake pipes and the air-intake 
box are integrally cast using aluminum. 

[0023] In this structure, since the air-intake pipes having the second opening end 
portions located at different positions in the direction in which the opening end 
portions open can be integrally molded, burdensome work such as welding the 
second opening end portions of individual air-intake pipes to be located at different 
positions becomes unnecessary, and the air-intake pipes having the second opening 
end portions located at different positions with high precision can be easily molded. 
[0024] According to the present invention, there is further provided an air-intake 
system of a multi-cylinder engine of a small watercraft, comprising a plurality of 
air-intake pipes respectively provided for cylinders, the air-intake pipes having first 
opening end portions respectively connected to a plurality of air-intake ports of a 
cylinder head; and an air-intake box to which second opening end portions of the 
air-intake pipes are connected, wherein the air-intake pipes extend from the 
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air-intake ports to the inside of the air-intake box, the second opening end portions 
of the air-intake pipes open inside the air-intake box toward substantially the same 
direction, and the second opening end portions of the air-intake pipes into which air 
is drawn in successive order are formed to have different predetermined distances 
from an inner bottom face of a bottom portion of the air-intake box so as to be 
located at different positions in a direction in which the second opening end portions 
open. 

[0025] In this structure, the length of the air-intake pipes can be made relatively 
longer. In addition, the air-intake interference is inhibited, and the air-intake ability 
is thereby improved. 

[0026] Preferably, in the air-intake system, the air-intake pipes may have an equal 
length. 

[0027] Preferably, in the air-intake system, the second opening end portions of the 
air-intake pipes may be arranged to be close to one another. 

[0028] Preferably, in the air-intake system, the air-intake box may be placed laterally 
of the engine and may be configured to have a bottom portion located lower than a 
center axis of a crankshaft of the engine. 

[0029] The above and further objects and features of the invention will more fully be 
apparent from the following detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] Fig. 1 is a side view of a personal watercraft in which a multi-cylinder engine 
having an air-intake system according to an embodiment of the present invention is 
mounted; 

[0031] Fig. 2 is a plan view of the personal watercraft in Fig. 1; 

[0032] Fig. 3 is a partial cross-sectional view showing an engine as seen from 
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behind; 

[0033] Fig. 4 is a side view showing an engine as seen from the right side; and 
[0034] Fig. 5 is a side view of the engine having an air-intake system in which 
air-intake pipes and an air-intake box are integrally molded. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0035] Hereinafter, an embodiment of an air-intake system of a multi-cylinder 
engine of a small watercraft of the present invention will be described with reference 
to the accompanying drawings. In the watercraft in Fig. 1, a body 1 of the watercraft 
comprises a hull 2 and a deck 3 covering the hull 2 from above. A line at which the 
hull 2 and the deck 3 are connected over the entire perimeter thereof is called a 
gunnel line 4. The gunnel line 4 is located above a waterline 5 of the watercraft. 
[0036] As shown in Fig. 2, a deck opening 6, which has a substantially rectangular 
shape as seen from above is formed at a substantially center section of the deck 3 in 
the upper portion of the body 1 such that its longitudinal direction corresponds to the 
longitudinal direction of the body 1 . A seat 7 is removably mounted over the deck 
opening 6. 

[0037] An engine room 8 is provided in a space defined by the hull 2 and the deck 3 
below the deck opening 6. An engine E is mounted in the engine room 8. In this 
embodiment, the engine E is an inline four-cylinder four-cycle engine. As shown in 
Fig. 1, the engine E is mounted such that a crankshaft 9 is placed along the 
longitudinal direction of the body 1. 

[0038] An output end of the crankshaft 9 is rotatably coupled integrally with a pump 
shaft 1 1 of a water jet pump P provided on the rear side of the body 1 through a 
propeller shaft 10. An impeller 12 is attached on the pump shaft 11. Fairing vanes 13 
are provided behind the impeller 12. The impeller 12 is covered with a tubular pump 
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casing 14 on the outer periphery thereof. 

[0039] A water intake 15 is provided on the bottom of the body 1. The water intake 
15 is connected to the pump casing 14 through a water passage. A pump nozzle 16 is 
provided on the rear side of the pump casing 14. The pump nozzle 16 has a 
cross-sectional area that is gradually reduced rearward, and an outlet port 17 is 
provided on the rear end of the pump nozzle 16. 

[0040] The water outside the watercraft is sucked from the water intake 15 and fed 
to the water jet pump P. The water jet pump P pressurizes and accelerates the water 
and the fairing vanes 13 fair water flow behind the impeller 12. The water is ejected 
through the pump nozzle 16 and from the outlet port 17, and as the resulting reaction, 
the watercraft obtains a propulsion force. 

[0041] In Figs. 1 and 2, reference numeral 18 denotes a bar-type steering handle. 
The steering handle 18 is connected to a steering nozzle 19 provided behind the 
pump nozzle 16 through a cable 20 (see Fig. 2). When the rider rotates the handle 18 
clockwise or counterclockwise, the steering nozzle 19 is swung toward the opposite 
direction so that the ejection direction of the water being ejected through the pump 
nozzle 16 can be changed, and the watercraft can be correspondingly turned to any 
desired direction while the water jet pump P is generating the propulsion force. 
[0042] As shown in Fig. 1, a bowl-shaped reverse deflector 21 is provided on the 
rear side of the body 1 to position the steering nozzle 19 inside the deflector 21 such 
that it can vertically swing around a horizontally mounted swinging shaft 22. The 
deflector 21 is swung downward to a lower position around the swinging shaft 22 to 
deflect the ejected water from the steering nozzle 19 forward and, as the resulting 
reaction, the personal watercraft moves rearward. 

[0043] In Figs. 1 and 2, a rear deck 23 is provided in the rear section of the body 1. 
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The rear deck 23 is provided with an openable rear hatch cover 24. A rear 
compartment (not shown) with a small capacity is provided under the rear hatch 
cover 24. In Figs. 1 and 2, a front hatch cover 25 is provided in a front section of the 
body 1. A front compartment (not shown) is provided under the front hatch cover 25 
for storing equipments and the like. 

[0044] Subsequently, an air-intake system of the engine E mounted in the personal 
watercraft will be described. Here, the direction relating to the engine E corresponds 
with the direction (longitudinal, lateral, and vertical directions) relating to the 
personal watercraft with the engine E mounted in the personal watercraft as shown 
in Fig. 1. 

[0045] As shown in Fig. 3, a body of the engine E mainly comprises a cylinder head 
31 covered by a cylinder head cover 30 from above, a cylinder block 32 located 
under the cylinder head 31, a crankcase 33 located under the cylinder block 32, and 
an oil pan 34 located under the crankcase 33. 

[0046] As described above, the engine E is an inline four-cylinder engine. Inside the 
cylinder block 32, four cylinders 35 are arranged along the longitudinal direction. As 
shown in Figs. 3 and 4, engine mounts 36 are provided on both side portions of the 
crankcase 33 on the front and rear sides in the longitudinal direction. The engine E is 
fixed to an inner hull 37 provided inside the hull 2 through the engine mounts 36. 
The engine E is installed in the engine room such that a piston 38 inside the cylinder 
35 strokes substantially vertically, i.e., the cylinder 35 extends substantially 
vertically. 

[0047] Inside the cylinder head 31, four integrally molded air-intake ports 40 are 
respectively provided for the four cylinders 35. One opening end portions 
(hereinafter referred to as "inner-side opening end portions") 40a of the air-intake 
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ports 40 communicate with upper portions of combustion chambers 41 provided on 
the cylinders 35 inside the cylinder block 32, and the other opening end portions 
(hereinafter referred to as "outer-side opening end portions") 40b open obliquely 
rightwardly and outwardly in the upper portion of the cylinder head 31 and are 
connected to one opening end portions 42a, 43a, 44a, and 45a (hereinafter referred 
to as "downstream opening end portions") of air-intake pipes 42, 43, 44, and 45 (see 
Fig. 4) provided outside of the cylinder head 31. 

[0048] The air-intake ports 40 allow the air-intake pipes 42 to 45 and the combustion 
chambers 41 located on the cylinders 35 to communicate with each other and thus 
form airflow passages. In the vicinity of the inner-side opening end portions 40a of 
the air-intake ports 40, air-intake valves 46 are respectively provided. The air-intake 
valves 46 are driven by rotation of a cam (not shown), thereby causing the inner-side 
opening end portions 40a to be opened and closed. 

[0049] The air-intake pipe 42 extends laterally from the downstream opening end 
portion 42a. The air-intake pipe 42 is curved at a position thereof and then extends 
downwardly. The other opening end portion (hereinafter referred to as an "upstream 
opening end portion") 42b of the air-intake pipe 42 open inside an air-intake box 50 
provided at a predetermined position on the right side of the engine E. 
[0050] The air-intake pipes 43, 44 and 45 are configured in the same manner as the 
air-intake pipe 42. The air-intake pipes 43, 44 and 45 extend laterally from the 
downstream opening end portions 43a, 44a, and 45a. The air-intake pipes 43, 44, and 
45 are curved at a position thereof and then extend downwardly. As shown in Fig. 4, 
the other opening end portions (hereinafter referred to as "upstream opening end 
portions") 43b, 44b, and 45b open inside the air-intake box 50. 
[0051] The air-intake box 50 serves to temporarily store the air drawn from outside 
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through an ambient-air inlet of an air cleaner (not shown) in an inner space having a 
certain volume and supply the air from the inner space into the air-intake pipes 42 to 
45 to allow the air to be smoothly drawn into the air-intake pipes 42 to 45. 
Hereinafter, structures of the air-intake pipes 42 to 45 and the air-intake box 50 will 
be described in detail. 

[0052] As shown in Figs. 3 and 4, the air-intake box 50 has a substantially 
rectangular parallelepiped shape. The air-intake box 50 is provided laterally of the 
crankcase 33 and between the engine mounts 36 at front and rear positions on the 
right side of the engine E. The air-intake box 50 is configured to have a bottom 
portion 5 1 located closer to a bottom of the watercraft than a plane F (represented by 
two-dotted line in Figs. 3 and 4) perpendicular to the direction in which the piston 
38 strokes, i.e., the direction in which the cylinder 35 extends, including a center 
axis C of the crankshaft 9 (see Figs. 1 and 3). That is, the bottom portion 51 is 
located lower than the center axis C. 

[0053] As already described with reference to Fig. 3, the air-intake pipe 42 laterally 
extends from the downstream opening end portion 42a. Then, the air-intake pipe 42 
is curved at a position and then extends downwardly to the upstream opening end 
portion 42b. From the curved portion of the air-intake pipe 42 to the upstream 
opening end portion 42b forms a straight pipe portion 42c that is substantially 
straight in the longitudinal direction of the air-intake pipe 42. 

[0054] The air-intake pipe 42 extends downwardly inside the air-intake box 50 
through an upper portion of the air-intake box 50. An end portion of the straight-pipe 
portion 42c, i.e., the upstream opening end portion 42b, is located inside the 
air-intake box 50 such that the upstream opening end portion 42b is opposed to an 
inner bottom face 52 of the bottom portion 51 of the air-intake box 50. In this 


Page 1 1 - APPLICATION; Our File - ACO 353 


embodiment, the upstream opening end portion 42b is formed to be perpendicular to 
the center axis of the air-intake pipe 42, but may be formed to be non-perpendicular 
to the center axis. The upstream opening end portion 42b is located to be spaced 
apart from the inner bottom face 52 of the bottom portion 51 of the air-intake box 50 
by a distance D that satisfies the following formula (1), based on an air-intake 
resistance. 

d<D<3d(l) 

where d: an inner diameter of the upstream opening end portion 42b and D: a 
distance between the upstream opening end portion 42b of the air-intake pipe 42 and 
the inner bottom face 52 of the air-intake box 50 that is opposed to an opening face 
of the upstream opening end portion 42b. 

[0055] In this structure, the air-intake pipe 42 is extended inside the air-intake box 
50 to a position lateral of the crankcase 33 so that the air- intake pipe 42 has a 
relatively long length, which is desirable to the engine mounted in the small 
watercraft. And, an increase in the air-intake resistance in the vicinity of the 
upstream opening end portion 42b is controlled. The air-intake pipes 43 to 45 (see 
Fig. 4) have structures similar to that of the air-intake pipe 42. 
[0056] As shown in Fig. 4, the air-intake pipes 42 to 45 are configured such that two 
adjacent upstream opening end portions of the upstream opening end potions 42b to 
45b are close to each other. More specifically, the air-intake pipes 42 to 45 are 
arranged in this order from the rear to the front of the engine E, and the downstream 
opening end portions 42a to 45a of the air-intake pipes 42 to 45 are connected to the 
air-intake ports 40 (see Fig. 3) to have predetermined spacing between adjacent 
opening end portions. The upstream opening end portions 42b to 45b are arranged to 
be close to an imaginary vertical line L (see Fig. 4) extending between the 
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downstream opening end portions 43 a and 44a. In brief, the downstream opening 
end portions 42a to 45a of the air-intake pipes 42 to 45 are arranged to have a 
predetermined spacing between adjacent opening end portions, while the upstream 
opening end portions 42b to 45b are arranged to be close to one another. 
[0057] When the upstream opening end portions 42b to 45b of the air-intake pipes 
42 to 45 having an equal length are configured to be close to one another as 
described above, the vertical positions of the upstream opening end portions of two 
air-intake pipes into which the air is drawn in the successive order, can be varied 
from each other. As a result, the upstream opening end portions 43b and 44b of the 
air-intake pipes 43 and 44 on the inner side, are closer to the inner bottom face 52 of 
the air- intake box 50 than the upstream opening end portions 42b and 45b of the 
air-intake pipes 42 and 45 on the outer side are. 

[0058] In the air-intake pipes 42 to 45 so configured, for example, the air is drawn 
into the engine E in the order of the air-intake pipe 42, the air-intake pipe 43, the 
air-intake pipe 45, and the air-intake pipe 44. Thereby, while the air is drawn into the 
air-intake pipes 42 to 45, interference of airflow in the vicinity of the upstream 
opening end portions 42b to 45b is prevented, so that the air smoothly flows in the 
vicinity of the upstream opening end portions 42b to 45b. 

[0059] In this embodiment, as shown in Fig. 4, the upstream opening end portions 
42b to 45b are arranged to be close to an imaginary vertical line L (see Fig. 4) 
extending between the downstream opening end portions 43a and 44a. Alternatively, 
the upstream opening end portions 42b to 45b may be arranged to be close to an 
imaginary vertical line extending behind or in front of the line L extending between 
the downstream opening end portions 43a and 44a. 

[0060] The air-intake pipes 42 to 45 may be integrally cast, or the air-intake pipes 42 
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to 45 and the air-intake box 50 may be integrally molded. Fig. 5 is a side view of the 
engine provided with the air-intake pipes and the air-intake box which are integrally 
cast. In the air- intake system in Fig. 5 5 air-intake pipes 62 to 65 respectively 
corresponding to the air-intake pipes 42 to 45 in Fig. 4 and an air-intake box 70 
corresponding to the air-intake box 50 in Fig. 4 are integrally cast using aluminum. 
[0061] In this structure, as the four air-intake pipes 62 to 65 with the upstream 
opening end portions 62b to 65b located at different positions in the direction in 
which the opening end portions open, are molded simultaneously, work such as 
welding the upstream opening end portions 62b to 65b to be located at different 
positions, becomes unnecessary, and the difference in dimension between the 
upstream opening end portions 62b to 65b is made with high precision. 
[0062] The air-intake system of the engine of the present invention is applicable to 
an engine configured to have a vertically inclined cylinder. 

[0063] As this invention may be embodied in several forms without departing from 
the spirit of essential characteristics thereof, the present embodiment is therefore 
illustrative and not restrictive, since the scope of the invention is defined by the 
appended claims rather than by the description preceding them, and all changes that 
fall within metes and bounds of the claims, or equivalence of such metes and bounds 
thereof are therefore intended to be embraced by the claims. 
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